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TECHNICAL MEMORANDUM #3

1 Background

The Northeast Interceptor (NEI) is the critical link in conveying wastewater flow from a major
portion of Wilmington, Wrightsville Beach, and New Hanover County to the Southside Wastewater
Treatment Plant.  Recent failures have led to concerns about the overall condition of the system. In
order to address these issues, this study has been initiated to evaluate the capacity, condition, and
reliability of the NEI System.  As surge protection is integral providing a system that operates
efficiently, reliably, and at maximum design conditions, a surge analysis has been performed as part
of this study.

Under normal operating conditions, wastewater pumping systems operate at either a steady state
condition (constant speed pumps), or a slowly varied condition (variable speed pumps). Constant
speed pumps deliver a constant flow and head, while variable speed pumps deliver a slowly adjusted
flow and head. Changes in system operation such as sudden pump failure, power failure, pump
restart, and sudden valve closure can cause rapid changes in the velocity of the wastewater within the
system.  Velocity changes can cause pressures to fluctuate and vapor/air pockets to form and collapse
at high spots along the force main, which in turn can generate large surge pressures.  Lack of surge
protection equipment, or improper sizing and location of surge protection equipment, may cause poor
system performance, pipe failure, or mechanical equipment failure.
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Surge models have been developed for the NEI to complete the following tasks:

• Evaluate potential surge pressures to aid in evaluating the adequacy of deteriorated pipe.
• Evaluate the adequacy/performance of the existing surge protection equipment, i.e.

combination air/vacuum valves.
• Identify modifications that will minimize surge pressures and improve the operation and

reliability of the system.

2 Document Review

The following documents, specific to the NEI system, were utilized as part of the surge analysis:

• Pump station and force main as-built drawings prepared by Henry Von Oesen &
Associates dated December 5, 1983

• Evaluation of Pump Station 34 for Electrical Improvements prepared Ken Butler and
Associates dated August 8, 2002

• Evaluation of Pump Station 34 for Electrical Improvements prepared Ken Butler and
Associates dated August 9, 2002

• Greenville Loop Road Bridge at Riley’s Branch As-Built Drawings prepared by W.K.
Dickson dated March 25, 2003

• Independence Boulevard As-Built Drawings prepared by McKim & Creed dated
February 22, 1989

• Northeast Interceptor Sewer Force Main Improvements prepared by McKim & Creed
dated March 2006 (Preliminary)

• Pump and motor nameplate information (Appendix B), pump curve information
(Appendix C), and drawdown tests as provided by the City of Wilmington

• Specifications for force main pipe and air valve, NEI Segment 1-Wrightsville Beach
(Appendix D)

3 Methodology

The Northeast Interceptor System as defined for this study consists of two separate pumping systems.
Pump Station 35 (COW PS 35 – Bradley Creek Pump Station), located near Bradley Creek at 6341
Oleander Drive, delivers flow via a 20-inch force main to gravity sewer just upstream of Pump
Station 34 (COW PS 34 – Hewletts Creek Pump Station). Pump Station 34, located at 5915 Pine
Grove Drive near Greenville Loop Road, delivers flow to the M’Kean Maffitt Wastewater Treatment
Plant (Southside WWTP) via a 24-inch force main. Since the two systems are completely separate, a
separate surge model was performed for each individual system.

A third pump station and force main, located on Wrightsville Beach, was designed and constructed as
part of this system to convey wastewater from the Town of Wrightsville Beach to Pump Station 35.
That system is commonly referred to as the Northeast Interceptor Segment 1. Because that system is
solely owned and operated by the Town of Wrightsville Beach, it is not part of this study.
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To analyze the surge potential of the NEI, both a steady state model and surge model were generated.
The steady state model was generated in WaterCad which allows input of physical components of the
system such as fittings, pipe size and type, wet wells, pumps, etc. The model produces normal steady
state operating conditions such as pump flow and head.  The data provided by the steady state model
is an instantaneous “snapshot” view of the system during normal system operation with a constant
outflow.

Once the steady state model was created, the WaterCad model was imported into Haestad’s Hammer
program.  Hammer is a transient analysis program used to assess the magnitude and extent of
transient events within water and sewage systems such as pressure surges and sub-atmospheric
pressures.  The program is capable of modeling nearly any type of surge control equipment available
such as combination air/vacuum valves, surge tanks, surge anticipator valves, surge relief valves, and
gas vessels. The import feature of the Hammer Program allows transference of all steady state model
data, including all physical characteristics and steady state hydraulic grade line information.

3.1 Steady State Model Input Data

The steady state models were generated from information obtained from the as-built drawings, the
Shipyard Boulevard relocation plans, pump curves as provided by the City, and the Butler reports.
Specifications for this portion of the NEI were not available; however, specifications were located for
NEI Segment 1 (Wrightsville Beach). Because these specifications were produced by the same
engineer and Segment 1 was part of the larger system that includes the facilities being evaluated in
this study (Segment 2), we understand they are representative of what was specified for Segment 2.
Pipe type and classes were obtained from these specifications so that actual inside pipe dimensions
could be included in the model.

In order to evaluate an existing system or design improvements, the most extreme conditions must be
developed and evaluated.  To assess the highest potential surge conditions, the steady state model was
created utilizing criteria that would produce a high flow, and thus the greater potential for higher
surge conditions.  To model the highest potential flows from each pump station, the following
parameters were used; initial service Hazen-Williams C values (lower friction loss equates to higher
flows), high wet well levels (lower static heads translate to higher flows), and operation of the largest
capacity pump only.  It is understood that interlocks within the existing control systems at each pump
station do not allow Pumps No. 3 and 4 to operate concurrently.  Therefore, the largest anticipated
flow was assumed to occur with only the largest capacity pump in operation.  Table TM 3.1 below
shows the parameters that were used for each pump station.
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Table TM 3.1 – Steady State Model Parameters

Criteria Pump Station 34 Pump Station 35
Ductile Iron 125 125

HDPE 140 -Hazen –Williams C
PVC 140 140

Pump Station Water Level (feet) -6.25 -5.50
Pump In Operation No. 4 No. 3

Accurate pump curves are critical for prediction of flow and head during a surge event, as well as for
prediction of steady state operating conditions.  Pump curves were provided by the City for all pumps
at each pump station.  While most of the pump curves were certified curves, specific to each pump,
the only available curve for Pump No. 4 at Pump Station No. 35 was a catalog curve.  The curve
utilized for this pump was estimated based upon the design point of 6,600 gpm at 175 feet presented
in the Butler Report.  Using this design point, an estimated curve was developed which passed
through this point on the catalog curve.  The pump curves are included in Appendix C.

3.2 Surge Model Input Data

The initial input data for the surge model is the data utilized to generate the steady state model.  This
data is inserted in the surge model by importing the steady state into the surge program.  Additional
input data that is required for the surge model data include the wave speeds for each combination of
pipe type and size and the estimated inertias of the pump and motors.  Wave speeds reflect the speed
at which pressure pulses can propagate through a system which can affect the magnitude of pressure
waves within a system.  The magnitude of the wave speed is dependent on the size of the pipe and the
material.  Generally rigid pipes such as ductile iron produce higher wave speeds while elastic pipes
such as HDPE and PVC produce lower wave speeds.

The NEI system consists of three types of material; DIP, PVC, and HDPE.  To determine the wave
speed for DIP, the equation developed by Korteweg was utilized as provided in the Hammer program
documentation.  This formula is appropriate for materials that have a diameter to thickness ratio
which is greater that 40.  Equation variables include the modulus of elasticity, bulk modulus of water,
pipe inside diameter, pipe wall thickness, and the density of water.

Since the diameter to thickness ratio of PVC and HDPE is less than 40, the Korteweg equation can
not be used for these materials.  The equations provided in AWWA C900 (PVC pipe) and AWWA
C906 (PE pipe) were used to estimate wave speed values.  Equation variables include the modulus of
elasticity, bulk modulus of water, pipe inside diameter, and pipe wall thickness.  The values used for
wave speed for all materials are provided in Table TM 3.2 below.  The calculations are included in
Appendix A.
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Table TM 3.2 – Wave Speed Values

Material Nominal Size (in) Pump Station Wave Speed (ft/s)
12 34 and 35 3,995
16 34 and 35 3,865
18 34 3,801
20 35 3,744

DIP

24 34 3,645
24 34 1,103PVC 30 34 1,103

24 (19.7” id) 35 1,250HDPE 24 (21” id) 34 1,109

Pump and motor inertias are critical when assessing pump failures and restarts.  The inertia of the
pump and motor relates to the speed at which the pump slows down once power is shut down.  The
higher the inertia of the pump, the longer it takes to bring the pump and the water column to a stop.
A high inertia can play a large role in minimizing surge potential by absorbing the energy from the
water column slowly after a pump shut down or failure, allowing the water column velocity to slowly
decrease.

Due to the age of the pumps and the limited information that was available, the inertias for the pumps
and motors had to be estimated.  The inertia estimate was based upon the equation derived by Thorley
and presented in the Hammer documentation.  The inertias are dependent upon the rotational speed of
the pump and the brake horsepower of the pump at the best efficiency point of the curve.  The
estimated inertias are shown in Table TM 3.3 below.  Due to the fact that peak flows were utilized for
the surge analysis, only pump No. 4 at Pump Station No. 34 and pump No. 3 at Pump Station No. 35
were utilized since they are the largest pump at each station. Calculations are shown in the appendix.

Table TM 3.3 – Pump and Motor Inertia Values

Pump Station / Pump Item Moment of Inertia (kg·m2)
Pump 2.9134 / No. 4 Motor 15.39
Pump 2.2035 / No. 3 Motor 3.71

3.3 Surge Analysis

The general philosophy for the surge analysis consisted of analyzing the existing pumping system and
subsequently performing analyses to determine if modifications could be made to improve the
system’s surge mitigation performance.  For the purposes of this surge analysis, it was determined
that the conditions to be modeled for a surge event would be a power failure followed by a pump
restart.  This situation will result in larger extreme pressures than just a power failure if the pump is
restarted before transient energy from the initial pump shutdown has dissipated. A dramatic system
change such as a power failure and restart can cause negative pressures to occur within the force
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main, which causes liquid to evaporate and form a vapor pocket.  A large vapor pocket can cause a
separation of the water column.  Once the pressure rises above zero, the vapor pocket will dissipate
and collapse allowing the water columns to rejoin.  The rejoining of the water column can cause large
pressure surges which travel throughout the system.  Information gleaned from this scenario allows
for identification of areas critical to this particular system, and identifies areas requiring surge
protection equipment.

For each scenario, the system was first modeled with no surge protection, i.e. no combination
air/vacuum valves or other surge protection equipment.  This provides a worst case baseline to work
from in regards to potential sub-atmospheric pressures, vapor pocket formation, and surge pressures.
This also represents the current system which has only air release valves and not combination
air/vacuum valves.  Air release valves, which are not designed for surge protection, are designed to
release air automatically as it accumulates while the system is in operation and under pressure.
Combination air/vacuum valves provide surge protection by exhausting large volumes of air as the
system is being filled and permitting air to enter the line when a vacuum is drawn.

Once the system was analyzed with no surge protection, combination air/vacuum valves were
modeled at the 12 existing ARV locations shown on the as-built drawings.  Two sizes were modeled,
a 1-inch valve and a 2-inch valve.  These sizes were evaluated to determine which size provided the
greatest amount of surge mitigation.  The air release valve small orifice was modeled as 3/16”
diameter for Pump Station 35 and 5/16” diameter for the Pump Station 34.  The small orifice size was
based upon standard valve sizing literature.  The size was not varied during the analysis since this
orifice does not significantly impact surge mitigation.  The small orifices main purpose is for air
release during normal operations.

Upon determination of the most effective size combination air / vacuum valve, the force main profile
was analyzed to determine potential locations for additional valves.  Once locations were identified,
combination air / vacuum valves were modeled in the system to determine their impact on surge
mitigation within the force main.

In summary, the following surge scenarios were modeled in Hammer:
• Pump Station 35

o Without surge protection
o With 2-inch combination air / vacuum valves
o With 1-inch combination air / vacuum valves
o With additional combination air / vacuum valves at potential problem locations

• Pump Station 34
o Initial system without surge protection
o Revised system including the Shipyard Blvd. relocation without surge protection
o Revised system including the Shipyard Blvd. relocations with 2-inch combination air/

vacuum valves
o Revised system including the Shipyard Blvd. relocation with 1-inch combination air/

vacuum valves
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o Revised system including the Shipyard Blvd. relocation with additional air / vacuum
valves at potential problem locations

4 Pump Station 35 Analysis

The Pump Station 35 system was analyzed with Pump No. 3 in operation delivering approximately
4,422 gpm at 75 feet.  The pump station was then modeled with a pump shutdown/failure and
subsequent restart.  The results were analyzed to determine the location and magnitude of the surge
pressures generated in the system, the extent to which the system experiences sub-atmospheric
pressures, and the location of vapor pockets which are formed due to extended periods of sub-
atmospheric pressures.  The pump failure and restart scenario was also analyzed to determine the
systems sensitivity to the duration between failure and restart.  This was done through an iterative
process by modeling varying durations to determine the duration which generated the highest
pressures.  Through this iterative process, it was determined that 30 seconds generated the highest
surge pressures within the system. The results for the three scenarios modeled for Pump Station 35
are included in Table TM 3.4. These values reflect a 30 second restart.

During investigation of Pump Station 35 we observed a surge relief valve installed on the discharge
piping of Pump No. 4.  After several conversations with City personnel it was determined that no
specific technical information other than the model number was available.  Due to the limited amount
of available information and unknown condition of the valve, it was not included in the model.  This
represents a more conservative scenario.

4.1.1 Without Protection

The without protection scenario shows a maximum surge pressure of approximately 145 psi.  As seen
on Figure 1 and 2, this pressure occurs roughly throughout the entire force main.  Analysis of the
cause for the maximum surge pressure indicated that sub-atmospheric pressures are contributing to
the formation of vapor pockets at high spots along the force main.  The collapse of these vapor
pockets cause a large upsurge in pressure which reflects throughout the system.  Figures 1 and 2 also
indicate the entire pipeline is subject to full vacuum pressures during the scenario.

The largest vapor pocket is formed at ARV #12.  The volume of this vapor pocket is significant
enough to allow for a complete water column separation.  Once the pump is restarted, the pressure
within the force main rises and the vapor pocket collapses.  When this occurs, the separated water
columns collide causing an upsurge in pressure that reflects throughout the entire system.  An
analysis of the time histories for each high spot location indicated that the maximum surge pressures
at each of these locations is caused by the vapor pocket collapse at ARV #12, as opposed to the
collapse of the vapor pockets at each individual location.  This indicated that the most critical location
for surge control is the high spot at ARV #12.  The time history for ARV # 12 is provided in Figures
3 and 4. Time history figures show the flow, pressure, and air/vapor volume upstream and
downstream of a node in the system (ARV #12 in this instance).  For each node within the system
there are two pipes which connect to create the node.  While pressure will remain constant upstream
and downstream of the node, the volume and flow can vary from upstream to downstream depending
on the characteristics of the system, the direction of flows, and the presence of separation or
converging of water columns.



Technical Memo #3
Surge Analysis

Page 8

4.1.2 With 2-inch Combination Air / Vacuum Valves

This scenario utilized 2-inch combination air/vacuum valves (CAVV) assemblies at all current ARV
locations; ARV #8 through ARV #12 (ARV #7 was not included since the system transitions from
pressure to gravity at that location).  Figures 5 and 6 indicate a maximum surge pressure of 110 psi
for this scenario, a 24% reduction in surge pressure from the no protection scenario.  However, a
significant amount of full vacuum pressures still occurred during the scenario.

The CAVV assemblies are located where vapor pocket formation was observed in the without
protection scenario, with the exception of three locations; two near Riley’s Branch on Greenville
Loop Road and one near Greenville Loop Road and Twin Magnolias Lane.  CAVV’s are designed to
allow air into the pipe to prevent sub-atmospheric pressures and also to allow air to exit the pipe once
the pump restarts, allowing the water columns to rejoin.

Analysis of the high spots indicated that air is being drawn into the pipe during pump shutdown, with
the largest volumes located at ARV #12, #11, and #10. The air is then exhausted after pump restart.
Further analysis indicated that there is a large upsurge in pressure generated when the air pocket is
exhausted at ARV #12.  This upsurge in pressure, much like the scenario without protection, reflects
throughout the force main as can be seen on the time histories for the ARV locations.  This upsurge is
attributed to water column reformation when the air is exhausted.  Proper sizing of CAVVs allows for
a pressurization of the air pocket before it is exhausted, providing an air cushion when the water
column rejoins.  According to the time histories for ARV #12 (Figures 7 & 8) there is little to no
cushioning provided with the 2-inch CAVV and thus a large upsurge is generated.  While the other
high spot locations experience the same effect as ARV #12, their upsurge is minor compared to the
pressure experienced as a result of the water column reformation at ARV #12.

Also of significance is the effect of the upsurge due to water column reformation on the minimum
pressures generated.  The large upsurge generated at ARV #12 is reflected through the system as a
wave with alternating signs, i.e. positive pressure, then negative pressure.  Therefore, the large
upsurge generated by the water column reformation at ARV #12 is a direct cause of the extensive
negative pressures throughout the system.  A reduction in the upsurge pressures through proper
CAVV sizing can lead to a reduction in negative pressures observed.

4.1.3 With 1-inch Combination Air / Vacuum Valves

The 2-inch CAVV scenario indicated that the 2-inch CAVV’s were allowing air into and out of the
force main, but were not allowing pressurization of the air prior to being expelled.  This caused a
significant upsurge in pressure that was reflected throughout the system.  As an attempt to alleviate
this problem, the CAVV’s were modeled as 1-inch valves.
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Table TM 3.4 – Pump Station 35 Surge Model Results

Without Protection
With 2-inch

Combination Air /
Vacuum Valves

With 1-inch
Combination Air /

Vacuum Valves
Additional ValvesParameter

Value Figure Value Figure Value Figure Value Figure
Maximum Surge Pressure (psi) 145 1 & 2 110 5 & 6 60 9 & 10 63 13 & 14

Valve (Y/N) No Yes Yes YesEx. ARV #12
(1,345)* Pressure (psi) 130

3 & 4
92

7 & 8
45

11 & 12
48

15 & 16

Valve (Y/N) No Yes Yes YesEx. ARV #11
(3,587)* Pressure (psi) 130

-
90

-
54

-
58

-

Valve (Y/N) No Yes Yes YesEx. ARV #10
(5,868)* Pressure (psi) 137

-
95

-
52

-
58

-

Valve (Y/N) No No No YesSta. 95+00
(6,995)* Pressure (psi) 131

-
88

-
50

-
55

-

Valve (Y/N) No Yes Yes YesEx. ARV #9
(9,012)* Pressure (psi) 138

-
92

-
48

-
54

-

Valve (Y/N) No Yes Yes YesEx. ARV #8
(12,295)* Pressure (psi) 139

-
91

-
33

-
53

-

Valve (Y/N) No No No YesSta. 29+00
(13,595)* Pressure (psi) 116

-
96

-
28

-
52

-

Valve (Y/N) No No No YesV
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Sta. 19+00
(14,595)* Pressure (psi) 109

-
71

-
20

-
24

-

Full Vacuum Pressure Exists? /
Approximate Extent Yes / Throughout Yes / Approximately

92% of Length
Yes / Approximately

19% of Length
Yes / Approximately

10% of Length
*Values shown below ARV/ Station number corresponds to the location of that item on the attached figures
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As can be seen in Table TM 3.4, and Figures 9 and 10, a reduction in valve size to 1-inch reduced the
maximum surge pressure to 60 psi, a reduction of 59% from the without protection scenario and 45%
from the 2-inch valve scenario.  Analysis of the time histories for ARV’s #12, #11, and #10 indicate
that pressurization occurs prior to the exhaustion of the air pockets.  Pressurization is shown as a
pressure rise at the node just prior to the air volume at the node reaching zero.  Figures 11 and 12
show this pressurization for ARV #12.  This pressurization reduces the upsurge that is generated
when the water column combines.  The reduction in the upsurge at these locations also reduced the
extent of negative pressures seen along the force main as seen in Figures 9 and 10.  While negative
pressures are occurring, they occur for short periods of time and do not seem to have an adverse effect
on the system as a whole.

4.1.4 With Additional Combination Air / Vacuum Valves

Several locations were identified along the force main for potential location of new ARV structures.
They include both sides of Riley’s Branch on Greenville Loop Road and also near Greenville Loop
Road and Twin Magnolias Lane.  These areas showed small vapor pocket formation during the
without protection scenario and therefore were considered for location of new ARV’s.  Figures 13
and 14 indicate a maximum surge pressure within the system of 63 psi, a slight increase above the 1-
inch valve scenario.  Table TM 3.4 also shows a slight increase in pressure at all of the locations
identified (time histories are shown for ARV #12 on figures 15 and 16).  However, Figures 13 and 14
also indicate a reduction in the extent of full vacuum negative pressures within the system.

4.1.5 Summary of Pump Station 35 Surge Modeling

Modeling of the Pump Station 35 pumping system indicated several locations of vapor pocket
formation when no surge protection was provided.  Vapor pockets were observed at eight locations
with the largest occurring where ARV #12 is located.  Modeling of the system with no surge
protection indicated that a maximum surge pressure of 145 psi is possible, with coinciding negative
pressures throughout the system.  These pressures are a direct result of vapor pocket formation and
collapse and are similar to what might be experienced with inoperable air valves.

Modeling indicated that the existing ARV’s are located at areas where vapor pocket formation could
occur.  Modeling also indicated that 2-inch CAVV’s are oversized and will not allow the air exiting
the force main to be compressed.  The use of a smaller 1-inch ARV allowed pressurization of the
exhausting air and significantly reduced the surge pressure while greatly reducing the amount vacuum
pressures seen within the system.

Additional 1-inch ARV’s were modeled at the three additional locations where vapor pocket
formation occurred during without protection modeling.  As Table TM 3.4 indicated, these additional
valves did reduce the amount of negative pressures within the system, though they slightly increased
the maximum surge pressures. This is still considered an improvement in surge mitigation since
elimination of negative pressures eliminates vapor pockets.

4.1.6 Pump Station 35 Recommendations

Based on the surge analysis of the Pump Station 35 system, we recommend the following:
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1. Install combination air/vacuum valves with a 1-inch large orifice and 3/16” small orifice at all
current ARV locations (ARV’s #8-#12).  The 1-inch combination ARV valves will reduce the
anticipated overall total pressure under surge conditions approximately 45% and reduce the
extent of full vacuum pressure from approximately 92% of the system to approximately 19%.

2. Investigate the condition of the existing surge relief valve within Pump Station 35.  Repair or
replace as necessary.

It is understood that the City is considering utilizing ARI combination air / vacuum valves.  Due to
the size of the large orifice (1.246 in2) these valves are anticipated to provide surge mitigation that
approximates that provided by the 1-inch scenario.  It is suggested that Model D-020 be utilized with
a large orifice area of 1.246 in2 and a 0.018 in2 small orifice area.  The connection size should be at
least 2-inch.

Installation of additional ARV assemblies is not necessary and not recommended.  While the
installation of new 1-inch combination air/vacuum valves on each side of the Riley’s Branch crossing
and also near Greenville Loop Road and Twin Magnolias Lane does improve the system slightly by
reducing the extent of full vacuum pressures, the reduction is minimal and does not justify the
additional expense and operation and maintenance.

5 Pump Station 34 Analysis

Pumping Station 34 is unique compared to Pump Station 35 in that a portion of the system is
scheduled for a piping and alignment modification. Due to deterioration of the 24-inch ductile iron
pipe along Shipyard Boulevard, a portion of the force main will be replaced and relocated with 30-
inch PVC force main.

Due to the changes being made to the system, the existing pumping system was only modeled to
determine current surge conditions and to evaluate the performance of the existing surge mitigation
system.  Once this was completed, the system was modeled with the Shipyard replacement without
protection and with options for designed protection.

5.1.1 Initial System

The Pump Station 34 system was analyzed with Pump No. 4 in operation delivering approximately
7,735 gpm at 162 feet.  The pump station was then modeled with a pump shutdown/failure and
subsequent restart.  The results were analyzed to determine the location and magnitude of the surge
pressures generated in the system, the extent to which the system experiences sub-atmospheric
pressures, and the location of vapor pockets which are formed due to extended periods of sub-
atmospheric pressures.  The pump failure and restart scenario was also analyzed to determine the
systems sensitivity to the duration between failure and restart.  This was done through an iterative
process by modeling varying durations to determine the duration which generated the highest
pressures.  Through this iterative process it was determined that 30 seconds generated the highest
surge pressures within the system.  The results for the scenario modeled for the existing Pump Station
34 system are included in Table TM 3.5. These values reflect a 30 second restart.
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5.1.1.1 Without Protection

Figures 17 and 18 indicate maximum surge pressure of 191 psi.  Analysis of the cause for the
maximum surge pressure indicated that sub-atmospheric pressures are contributing to the formation
of vapor pockets at high spots along the force main.  Figures 17 and 18 indicate that there are
approximately five locations where vapor pocket formation occurs.  The largest of the vapor pockets
occur upstream of ARV #5 and at ARV #4.  When these vapor pockets collapse they cause a large
upsurge in pressure that affects the entire system.  Analysis of the individual vapor pockets indicate
that those near ARV #5 and ARV #4 are causing the maximum system pressures (191 psi near ARV
#5 and 171 psi near ARV #3). ARV #5 and ARV #4 are therefore the critical locations for surge
mitigation.  These pressure surges, which occur after the vapor pockets collapse, also cause extensive
full vacuum pressures throughout the system.

5.1.1.2 Discussion of Pump Station 34 Existing System

The existing Pump Station 34 system is capable of producing significant surge pressures, up to 191
psi (no protection).  The system is comprised of Class 50 DIP and C905 DR 25 PVC pipe.  The Class
50 DIP has a working plus surge pressure rating which is approximately 350 psi (250 psi pressure
rating plus 100 psi surge allowance), which is well below the maximum anticipated surge pressure
with no protection.  However, corrosion of the DIP pipe could reduce the wall thickness and
correspondingly reduce the pressure capacity of the pipe.  The potential reduction in capacity due to
corrosion of the DIP should be considered in the condition assessment.

C905 DR25 PVC pipe provides a maximum pressure rating of 165 psi based on a factor of safety of
two (also used for DIP design), with no allowance for surge pressures.  It is understood that the only
PVC within the current system is located along Independence Boulevard.  Analysis of the system
shows that the maximum anticipated pressure in this section is 148 psi, which is within the pipes
pressure rating.
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Table TM 3.5 – Pump Station 34 Existing System Surge Model Results

No ProtectionParameter
Value Figure

Maximum Surge Pressure (psi) 191 17 & 18

Valve (Y/N) NoARV #6
Pressure (psi) 169

-

Valve (Y/N) NoARV #5
Pressure (psi) 157

-

Valve (Y/N) NoARV #4
Pressure (psi) 119

-

Valve (Y/N) NoARV #3
Pressure (psi) 111

-

Valve (Y/N) NoARV #2
Pressure (psi) 108

-

Valve (Y/N) No
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ARV #1
Pressure (psi) 92

-

Full Vacuum Pressure? /
Approximate Extent Yes / Throughout

5.1.2 Pump Station 34 System Including the Shipyard Relocation

The Pump Station 34 system including the Shipyard relocation was analyzed with Pump No. 4 in
operation delivering approximately 7,831 gpm at 161 feet.  The pump station was then modeled with
a pump shutdown/failure and subsequent restart.  The results were analyzed to determine the location
and magnitude of the surge pressures generated in the system, the extent to which the system
experiences sub-atmospheric pressures, and the location of vapor pockets which are formed due to
extended periods of sub-atmospheric pressures.  The pump failure and restart scenario was also
analyzed to determine the systems sensitivity to the duration between failure and restart.  This was
done through an iterative process by modeling varying durations to determine the duration which
generated the highest pressures.  Through this iterative process it was determined that 30 seconds
generated the highest surge pressures within the system. The results for the scenarios modeled for the
Pump Station 34 system are included in Table TM 3.6. These values reflect a 30 second restart.

5.1.2.1 Without Protection

The without protection scenario indicated a maximum surge pressure of 233 psi.  As indicated on
Figures 19 and 20 the maximum pressures are primarily between Pump Station 34 and Shipyard
Boulevard.  This maximum pressure, located within a DIP section of the force main, is within the
range of Class 50 DIP (250 psi plus 100 psi surge allowance).  It is understood that C905 DR25 PVC
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is utilized in two sections of the Pump Station 34 system in this scenario; along Independence
Boulevard and at the Shipyard relocations.  Closer inspection of the modeling results indicates a
maximum pressure at these locations of 131 psi and 114 psi respectively.  These pressures are within
the 165 psi rating of the PVC pipe.

Analysis of the cause of the maximum surge pressures indicated that vapor pockets are forming near
ARV #5 and ARV #4 due to sub-atmospheric pressures throughout the pipeline.  As these vapor
pockets collapse they cause pressure upsurges which reflect throughout the system.  Figures 19 and
20 also indicate that the entire pipeline is subject to full vacuum pressures during this scenario.

The large vapor pockets that form near ARV #5 and ARV #4 are significant enough to allow for
complete water column separation.  Once the pump is restarted, the pressure in the pipeline rises and
allows the vapor to condense to the point that the vapor pocket collapses and the water column
rejoins.  The collision that occurs when the water columns rejoin causes the pressure upsurge at that
location.  Analysis of the areas near ARV #5 and ARV #4 indicate that these areas are critical in
controlling the surge generated within the system as these areas create the largest upsurges upon
pump restart.

5.1.2.2 With 2-inch Combination Air / Vacuum Valves

This scenario utilized 2-inch CAVV assemblies at all current ARV locations (ARV #1- ARV #6).  As
can be seen in Table TM 3.6 and Figures 21 and 22, the inclusion of these valves reduces the
maximum surge pressure to 100 psi and significantly reduces the amount of full vacuum pressures
within the system.

Generally, the modeled CAVV locations are at areas which exhibit vapor pocket formation in the
without protection scenario.  The two CAVV’s which replace ARV #5 are located at the downstream
end of a series of vapor pockets indicated in the without protection model.  The CAVV at Sta. 217+41
coincides with the most downstream vapor pocket.  This overlap allows the CAVV’s at Sta. 217+41
and Sta. 211+81 provide adequate venting capacity and prevent formation of vapor pockets in the
vicinity of the CAVV’s.

Analysis of the high spots indicate that air is being drawn into the pipeline during the shutdown at
those locations, with the largest volumes of air at the new valve at Sta. 217+41 (upstream of old ARV
#5) and ARV #4.  These volumes of air were shown to be exhausted from the pipeline after pump
restart.  Further analysis indicated that pressure upsurges were generated when the air pocket was
exhausted at each of these valves.  The upsurges in pressure from these two ARV’s are the main
cause for the pressure surges within the system.  The air pocket collapse at Sta. 217+41 (upstream of
old ARV #5, Figures 23 and 24) causes higher pressures from Pump Station 34 to ARV #4 and the air
pocket collapse at ARV #4 (Figures 25 and 26) causes higher pressures from ARV #4 to the
Southside Wastewater Treatment Plant.

Proper air valve sizing allows for pressurization of an air pocket prior to being exhausted from the
pipeline.  This provides a cushioning effect to the rejoining water columns.  According to the time
histories for the CAVV at sta. 217+41, Figures 23 and 24, the 2-inch CAVV is allowing
pressurization of the air at the CAVV location.  However, it appears that a decrease in flow occurs at
the same time and may be causing some of the pressure increase.  Similarly at ARV #4 the time
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histories, Figures 25 and 26, indicate that pressurization is occurring prior to the air being expelled,
allowing cushioning and a lower upsurge.

5.1.2.3 With 1-inch Combination Air / Vacuum Valves

The previous scenario modeled 2-inch valves at all current ARV locations.  While the 2-inch valves
appeared to operate adequately, the cushioning provided was minimal at ARV #5.  In an attempt to
provide some cushioning, 1-inch CAVV’s were modeled.

As can be seen in Table TM 3.6 and Figures 27 and 28, reducing the valve sizes to 1-inch reduces the
maximum pressure within the pipeline to 98 psi, roughly equivalent to the 2-inch CAVV scenario.
Analysis of the CAVV at Sta. 217+41 indicated that pressurization does occur with the 1-inch valve,
which in turn decreases the upsurge pressure due to the air pocket collapsing just as with the 2-inch
CAVV scenario.  The time histories for this CAVV are shown on Figures 29 and 30.  ARV #4’s time
histories are included as well in Figures 31 and 32.

5.1.2.4 With Additional Combination Air / Vacuum Valves

Initial modeling of the system with no protection and a review of the profile indicated three potential
locations for additional CAVV’s as follows:

1. near the intersection of College Road and Cascade Drive
2. near Ole Time Pottery along Shipyard Boulevard, and
3. near the intersection of Longstreet Drive and Stonewall Jackson Drive.

These locations showed sudden grade changes that could potentially cause vapor pocket formation.
In order to evaluate the benefit of additional CAVV’s at these locations, 1-inch CAVV’s were
inserted into the model at all existing ARV locations.  As can be seen in Table TM 3.6 and Figures 33
and 34, the inclusion of these additional CAVV assemblies reduces the maximum surge pressures
within the system slightly as compared to the 2-inch and 1-inch valve scenarios.  Inspection of these
figures also indicates that the valves also slightly reduced the amount of full vacuum that is
experienced within the force main.  The overall benefit of the additional valves, however, is minimal.
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Table TM 3.6 – Pump Station 34 with Shipyard Relocation Surge Model Results

No Protection
With 2-inch

Combination Air /
Vacuum Valves

With 1-inch
Combination Air /

Vacuum Valves

With Additional
ValvesParameter

Value Figure Value Figure Value Figure Value Figure
Maximum Surge Pressure (psi) 233 19 & 20 100 21 & 22 98 27 & 28 97 33 & 34

Valve (Y/N) No Yes Yes YesEx. ARV #6
(4678’) Pressure (psi) 170

-
87

-
82

-
78

-

Valve (Y/N) No No No YesSta. 250+00
(7548’) Pressure (psi) 163

-
82

-
63

-
52

-

Valve (Y/N) No No No YesSta. 237+14
(8834’) Pressure (psi) 150

-
77

-
48

-
47

-

Valve (Y/N) No Yes Yes YesSta. 217+41
(10807’) Pressure (psi) 100

-
69

23 & 24
44

29 & 30
40

-

Valve (Y/N) No Yes Yes YesSta. 211+81
(11367’) Pressure (psi) 101

-
72

-
44

-
40

-

Valve (Y/N) No No No YesEx. ARV #5
(11498’) Pressure (psi) 100

-
73

-
45

-
40

-

Valve (Y/N) No No No YesSta. 192+00
(13348’) Pressure (psi) 128

-
72

-
47

-
43

-

Valve (Y/N) No Yes Yes YesEx. ARV #4
(18592’) Pressure (psi) 109

-
56

25 & 26
26

31 & 32
29

-

Valve (Y/N) No Yes Yes YesEx. ARV #3
(23016’) Pressure (psi) 127

-
64

-
29

-
30

-

Valve (Y/N) No Yes Yes YesEx. ARV #2
(28572.66’) Pressure (psi) 102

-
60

-
26

-
29

-

Valve (Y/N) No Yes Yes Yes

V
ap

or
 / 

A
ir 

Po
ck

et
 L

oc
at

io
ns

 –
 M

ax
.  

Pr
es

su
re

Ex. ARV #1
(30477’) Pressure (psi) 79

-
47

-
21

-
21

-

Full Vacuum Pressure? /
Approximate Extent Yes / Throughout Yes / Approximately

12% of Length
Yes / Approximately

5% of Length
Yes / Approximately

6% of Length
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5.1.2.5 Summary of Pump Station 34 Modeling

Modeling of the Pump Station 34 system indicated several locations of vapor pocket formation when
no surge protection was provided.  Vapor pockets were observed at five locations with the largest
pockets forming near ARV #4 and in the vicinity of ARV #5.  Collapse of these pockets in the
without protection scenario indicated a maximum surge pressure of 233 psi and full vacuum pressures
throughout the system.  The negative pressures are a direct result of vapor pocket formation and
collapse and are similar to what might be experienced with inoperable air valves.

Modeling of the 2-inch CAVV and 1-inch CAVV surge protection scenarios indicated that CAVV’s
at current ARV locations can provide proper venting of the pipeline and also showed no vapor pocket
formation at non-ARV locations.  The inclusion of 2-inch air valves and 1-inch air valves reduced the
overall maximum surge pressure to 100 psi and 98 psi respectively, and each greatly reduced the
amount of full vacuum conditions that were seen in the pipeline.  Additional valves only provided
minimal improvement in the system.

5.1.3 Pump Station 34 Recommendations

Based on the surge analysis of the Pump Station 35 system, the following is recommended:

1. Install combination air/vacuum valves with a 1-inch large orifice and a 5/16” small orifice at
current ARV locations (ARV #1-#4 and #6) and proposed locations within the Shipyard
relocation project.  The 1-inch combination ARV valves will reduce the anticipated overall
total pressure under surge conditions approximately 58% and reduce the extent of full
vacuum pressure from approximately 100% of the system to approximately 13%.

It is understood that the City is considering utilizing ARI combination air / vacuum valves.  Due to
the size of the large orifice (1.246 in2) these valves are anticipated to provide surge mitigation that
approximates that provided by the 1-inch scenario.  It is suggested that Model D-020 be utilized with
a large orifice area of 1.246 in2 and a 0.018 in2 small orifice area.  The connection size should be at
least 2-inch.

Installation of additional ARV assemblies is not necessary and not recommended.  While the
installation of new 1-inch combination air/vacuum valves near the intersection of College Road and
Cascade Drive, near Ole Time Pottery along Shipyard Boulevard, and near the intersection of
Longstreet Drive and Stonewall Jackson Drive does improve the system slightly by reducing the
extent of full vacuum pressures, the reduction is minimal and does not justify the additional expense
and operation and maintenance.

.
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